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Double-stranded RNA-dependent protein kinase links pathogen
sensing with stress and metabolic homeostasis. Nakamura
T, Furuhashi M, Li P, Cao H, Tuncman G, Sonenberg N, Gorgun
CZ, Hotamisligil GS. Cell 140, 338–348, February 5, 2010. Copy-
right 2010. Abstract reprinted with permission from Elsevier.
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Abstract: As chronic inﬂammation is a hallmark of obesity, pathways
that integrate nutrient- and pathogen sensing pathways are of great
interest in understanding the mechanisms of insulin resistance, type 2
diabetes, and other chronic metabolic pathologies. Here, Nakamura
et al. provide evidence that double-stranded RNA-dependent protein
kinase (PKR) can respond to nutrient signals as well as endoplasmic
reticulum (ER) stress and coordinate the activity of other critical
inﬂammatory kinases such as the c-Jun N-terminal kinase (JNK) to
regulate insulin action and metabolism. PKR also directly targets
and modiﬁes insulin receptor substrate and hence integrates nutri-
ents and insulin action with a deﬁned pathogen response system. Die-
tary and genetic obesity features marked activation of PKR in adipose
and liver tissues and absence of PKR alleviates metabolic deteriora-
tion due to nutrient or energy excess in mice. These ﬁndings demon-
strate PKR as a critical component of an inﬂammatory complex that
responds to nutrients and organelle dysfunction.
 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
In the past decades, lifestyle changes characterized by high calo-
ric abundance and reduced physical activity have dramatically
increased the incidence of obesity in Western but also in develop-
ing countries. This worldwide increase in obesity is associated
with an array of health problems, including insulin resistance,
type 2 diabetes, fatty liver disease, atherosclerosis, and even can-
cers. Numerous evidences indicate that metabolic diseases are
also closely associated with a chronic ‘low grade’ inﬂammation
characterized by abnormal cytokine production and activation
of a network of inﬂammatory signaling pathway [1].Journal of Hepatology 20
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E-mail address: fabienne.foufelle@crc.jussieu.fr (F. Foufelle).causing insulin resistance in insulin sensitive tissues, thus alter-
ing nutrient metabolism. Insulin receptor substrates (IRS), which
are normally phosphorylated on tyrosine residues in order to
transmit the insulin message, are phosphorylated on serine resi-
dues in inﬂammatory states, and this in turn abrogates the insu-
lin signal. Among the IRS-modifying enzymes, stress activated
kinases such as c-Jun N-terminal kinase (JNK), inhibitor of kappa
B kinase (IKK), and protein kinase C (PKC) have been reported to
inhibit insulin action by serine phosphorylation of IRS-1 [2]. This
mechanism is critical in the onset of insulin resistance observed
in obesity (Fig. 1). Interestingly, sepsis or severe trauma, which
both present inﬂammatory processes, are also characterized by
marked insulin resistance leading to an activation of lipolysis,
of hepatic gluconeogenesis, and fatty acid oxidation [3]. In other
words, there is a close interaction between immune response
pathways through inﬂammatory processes and the regulation
of nutrient metabolism.
In the Cell issue of February 2010, Nakamura et al. identiﬁed
double stranded RNA-dependent protein kinase (PKR) as a new
actor that integrates inﬂammatory signals and lipid metabolism
[4]. PKR was initially identiﬁed as a trigger of cell defense against
viral infection. Indeed, PKR initiates innate immune responses by
limiting general protein synthesis, thus impairing the synthesis of
new viral proteins [5]. PKR is activated by autophosphorylation
due to the presence of double-stranded RNA (dsRNA) or by treat-
ment with interferon a [5]. The major substrate of PKR is the
eukaryotic translation initiation factor 2a (eiF2a), which regu-
lates protein synthesis. The PKR-mediated inhibition of transla-
tion is considered as an important aspect of the antiviral
activity of interferon [6]. Interestingly, eiF2a phosphorylation is
also a key event in the adaptation to endoplasmic reticulum
stress (ER stress), another cellular stress which is activated in
the tissues of obese subjects. Nakamura and colleagues show that
PKR activation is observed in the liver and adipose tissue of
genetically or diet-induced obese mice. Interestingly, treatment
with palmitate of mouse embryo ﬁbroblasts (MEF), as well as
in vivo lipid infusion to mice, led to a signiﬁcant increase in
PKR activity, linking activation of PKR to nutrient excess and met-
abolic stress. Since JNK, which is activated by excess of lipids, ER
stress, or inﬂammation, is a key actor of insulin resistance, the
authors then addressed the potential relationship between PKR
and JNK activation.
Using MEF deﬁcient in PKR activity, they demonstrate that
palmitate as well as thapsigargin (an agent that causes ER stress)11 vol. 54 j 1307–1309
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Fig. 1. Interplay between inﬂammation, stress, and metabolic pathways. Double-stranded RNA-dependent protein kinase (PKR) is a protein involved in the crosstalk
between inﬂammation, stress response, and metabolic disorders. PKR is activated by lipids and cytokines and interferes with insulin signaling by a direct inhibitory
phosphorylation of IRS-1 or by an indirect mechanism involving activation of c-Jun kinase.
International Hepatologyfails to activate JNK in the absence of PKR. Surprisingly, the RNA
binding motifs of PKR are necessary for the palmitic and ER
stress-induced PKR activation. However, the most striking obser-
vation is that PKR directly interacts with IRS-1 leading to its
phosphorylation on Ser307. Thus PKR could induce an insulin
resistance by acting directly on IRS-1 or indirectly by activation
of JNK. The role for PKR in the control of insulin sensitivity is sup-
ported by further in vivo studies in PKR/ mice which are char-
acterized by a greater sensitivity to insulin and higher glucose
disposal rate after lipid infusion, compared to control mice.
In summary, Nakamura et al. demonstrated that PKR is a novel
key protein at the crossroad of inﬂammation and metabolic path-
ways and could be a critical target for the treatment of metabolic
diseases (Fig. 1).
This study paves the way for further investigations. Palmitate
induces the production of ceramides, which are known to promote
insulin resistance. Ceramides are potential stimulators of PKR
through the activation of the RAX protein, which associates with
PKR [7]. Studying a role of ceramides in lipid-induced PKR activa-
tion is certainly worthwhile as well as the potential effect of other
fatty acid types. Toll-Like Receptors (TLR) are known to promote1308 Journal of Hepatology 2011both innate immunity and fatty acid-induced insulin resistance
[8]. Likewise, it has been shown that TLR4 is able to activate PKR
through the cellular adaptor TRIF in macrophages [9]. Although,
the authors rule out a role for TLR4 in palmitate-induced PKR acti-
vation, itwould certainly be interesting to further study a potential
involvement of other members of the TLR family.
Finally, since viral infection has frequently been associated
with the development of insulin resistance or insulin secretion
defects, it is tempting to speculate that PKR may be the missing
link between infection and dysregulation of glucose homeostasis;
an activation of PKR has been observed in liver biopsies of
patients with chronic hepatitis C [10]. It now remains to be dem-
onstrated that this activation is responsible for the insulin resis-
tance that is often present in VHC patients.Conﬂict of interest
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